This study uses a model with nonseparable and nonhomothetic preferences to estimate the intertemporal elasticity of substitution (IES). We show that, while the assumption of homotheticity is strongly rejected, the estimated IES is positive and significant.
Introduction
As Ogaki and Reinhart (1998a,b) demonstrated, incorporating nonseparability between nondurable and durable goods into a model yields a more plausible estimate of the intertemporal elasticity of substitution (IES) in consumption. This finding is important because it provides a 'theoretical' explanation for the zero and negative IES estimates obtained by Hall (1988) . 1 To allow for nonseparability of preferences, Ogaki and Reinhart's model assumes constant elasticity of substitution (CES) preferences that are homothetic. However, as Deaton (1992, pp.8-9) , among others, have emphasized, the homotheticity assumption contradicts virtually all household budget studies or time-series analysis of expenditure patterns. 2 Inevitably, those facts make the adoption of CES-type preferences in an empirical model of consumption
doubtful.
To what extent does this deficiency of the model bias the IES estimates? Does the additional requirement of nonhomotheticity affect the IES estimates? The purpose of this note is to answer these questions by examining whether Ogaki and Reinhart's results are robust to nonhomotheticity of preferences. Specifically, we investigate whether the estimated IES is significantly different from zero under nonseparable and nonhomothetic preferences. 3 In this note, we introduce the addilog-type utility function with nonseparability in nondurable and durable goods. This slight generalization enables one to formally test the null hypothesis of homothetic preferences. Using Ogaki and Reinhart's data, we find that the 1 For a recent econometric explanation, see, e.g., Yogo (2004) . 2 More recent empirical studies also suggest the need to relax the assumption of homothetic preferences. For example, Ait-Sahalia et al. (2004) find that nonhomothetic utility functions for luxury and basic consumption goods make an important contribution to explaining asset-pricing puzzles.
3 Another conceivable strategy is to compute the IES for total expenditure (i.e., budget share weighted sum of the IES for each good) along the lines of Atkeson and Ogaki (1996) and Browning and Crossley (2000) . To facilitate comparison with the previous studies, we address the homotheticity issue from the aspect of estimation and testing of preference parameters, and concentrate on the IES for a composite good. 1 homotheticity assumption is strongly rejected. However, even when nonhomotheticity of preferences is taken into account, our point estimates for the IES are positive and significant. This suggests that the introduction of intratemporal substitution between nondurable and durable goods remains important.
Model and Methodology
Suppose that a representative consumer maximizes the following lifetime utility function at time 0:
where β is the subjective discount factor, C 1t is the consumption of nondurable goods in period t, S t is the stock of durable goods C 2t in period t, and E t [·] denotes expectations conditional on the information available at time t. It is assumed that durables begin to yield services in the same period that they are purchased:
1 − δ denotes the depreciation rate for durable goods.
We assume a period utility function for nondurables consumption and service flows of the following form:
where α > 0 and γ > 0 are the curvature parameters and σ is the IES. Thus, we do not constrain preferences to be separable and homothetic. When α = γ = 1/ , this utility function incorporates one similar to the CES-type (i.e., nonseparable but homothetic) utility function examined by Ogaki and Reinhart (1998a,b) , in which is interpreted as the intratemporal elasticity of substitution. When 1/σ = 0, on the other hand, it reduces to the addilog utility function familiar in the cointegration literature.
Let P it be the purchase price of consumption good C it , and let Q t be the user cost of the durable good. The relative price of nondurable and durable goods is defined as P t ≡ P 2t /P 1t .
Since, by defining utility over the service flow from durables, one can treat durable goods within the class of time-separable preferences, the intraperiod first-order condition for an optimum is given by
and the Euler equation generated from the period utility function (2) can be written as
where R t+1 is the gross return on any asset in terms of the nondurable good at time t + 1.
Given 1/σ = 0 (i.e., separable preferences), equation (4) is equivalent to the one-good model estimated by Ogaki and Reinhart (1998a,b) . Hence, in our empirical work using Ogaki and
Reinhart's data sets, we can concentrate on estimation of the two-good model.
For practical purposes, the intraperiod first-order condition (3) involves an approximation of the user cost. Therefore, we consider estimating the curvature parameters from another intraperiod first-order condition:
where marginal utilities of C 1t and C 2t , respectively, are given by
3 Multiplying both sides of equation (5) 
and rearranging terms on the right-hand side of the resulting equation yields the following relation:
As we explain in Section 3, it is not possible to reject the null hypothesis that ln(C 1t ), ln(C 2t ), and ln(P t ) are difference stationary with drift. It follows from (8) that if the growth rate of marginal utility is stationary, ln(P t )−α ln(C 1t )+γ ln(C 2t ) is stationary. This follows from the fact that the right-hand side of (8) can be expressed as a function of the stationary variables, C 1t /C 1t+i and S t+i /C 2t . Thus, the theory implies that ln(C 1t ), ln(C 2t ), and ln(P t ) are deterministically cointegrated (i.e., they are stochastically cointegrated with the deterministic cointegration restriction).
Given (6), we see that the growth rate of marginal utility is a function of the growth rate of C 1t and the growth rate of the composite good [C
the above difference stationarity assumption does not ensure the stationarity of the latter growth rate. Therefore, the growth rate of marginal utility could be nonstationary. In this study, we assume the stationarity of the growth rate of the composite good and then test the validity of this assumption by using the estimated composite good.
In our empirical work, we estimate the cointegrating regression
by applying Park's (1992) canonical cointegrating regression (CCR) method, where u t denotes a stationary error term. In general, it is possible to use other variables as the dependent variable. We choose ln(C 2t ) as a dependent variable to facilitate comparison with the intratemporal elasticity in Ogaki and Reinhart's model. In addition to testing deterministic cointegration by using Park's (1990) H(p,q) statistics, we test the null hypothesis of homothetic preferences (i.e., α = γ) by using the K statistic, which has a χ 2 distribution with one degree of freedom under the null hypothesis. We then apply Hansen's (1982) generalized method of moments (GMM) to the Euler equation (4) with the CCR estimates of α and γ and thereby estimate the IES.
Empirical Results
The data used in this study are the same as those used by Ogaki and Reinhart (1998a) . They are quarterly and cover the period from 1947:1 to 1983:4. Data on nondurables (excluding clothing) are from the National Income and Product Accounts (NIPA), and data on durables are from the NIPA and Gordon (1990) . Per capita real consumption series are constructed by dividing these series by the total population, including armed forces overseas. Nominal interest rates are nominal after-tax rates and are defined using the three-month Treasury bill rate and Barro and Sahasakul's (1983) marginal average tax rate series. In calculating the service flow series S t , for the depreciation rate, we use δ = 0.92 and δ = 0.96, together with δ = 0.94, used predominantly by Ogaki and Reinhart (1998a) , to check for robustness. As a preliminary step, we examine the descriptive and statistical properties of the data. the value of the J(1,5) test was 1.714 for ln(C 1t ). When Gordon's data were used, values of 0.690 and 2.252 for ln(C 2t ) and ln(P t ), respectively, were obtained. Using the NIPA data on durables, we obtained values of 0.948 and 7.328 for ln(C 2t ) and ln(P t ), respectively. Results for the period from 1951:1 to 1983:4 were similar. Thus, the null hypothesis of difference stationarity with drift is not rejected. Ogaki and Reinhart (1998a) ), shows that the cointegrating regression that imposes homotheticity, α = γ, is supported for the 1951:1-1983:4 period. In other words, from the H(p,q) tests, we have evidence to support two different cointegrating regressions. However, the estimates of the preference parameters seem to differ significantly between the two. Table 3 presents the GMM results. With β fixed at 0.990, since we were unable to estimate σ because of convergence problems, we estimated β and σ simultaneously. Hence, it should be noted that the magnitude of our IES estimates is not directly comparable with that of Ogaki and Reinhart (1998a) . 5 5 The issue is whether our model, which incorporates nonseparable and nonhomothetic preferences, can yield non-zero or non-negative IES estimates, which is consistent with Ogaki and Reinhart's main motivation.
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The first two rows of each panel of Table 3 report results based on δ = 0.94. The instrumental variables are those used by Ogaki and Reinhart (1998a) Therefore, our results are robust to the value of the depreciation rate and the choice of data sets. 7 We should emphasize that while our model nests the CES-type utility function when α = γ, it does not completely incorporate Ogaki and Reinhart's CES utility function as a special case. This probably explains why we were unable to obtain a plausible estimate of the IES when the Euler equation with α = γ = 0.857 (the inverse of 1/γ = 1.167, i.e., Ogaki and Reinhart's estimate) was used in the second step of GMM. For example, for δ = 0.94, the estimate of σ was 10.000 (s.e.=552.081). 8
However, under the separability assumption, it should be noted that our model is equivalent to Ogaki and Reinhart's model, as we explained in Section 2. That is, the one-good model yields negative IES estimates. Hence, our results convey the same message as Ogaki and Reinhart's: ignoring the intratemporal substitution effect by imposing separability when estimating the IES biases the estimates downwards.
Finally, we examine the stationarity of the growth rate of the composite good. Table 4 presents the test results for the null hypothesis of level stationarity based on Park's (1990) G(0,q) test. For the 1947:2-1983:4 period, which includes the period of restocking durable goods after World War II, the evidence in favor of stationarity is weak. That is, in our framework, the inclusion of this unusual period weakens the basis for the cointegrating regression.
Nevertheless, including this period did not seem to affect our estimation and test results in Table 2 , unlike Ogaki and Reinhart's results. 9 This test result for stationarity suggests that the sample period used for analysis should begin at 1951:1. However, Tables 2 and 3 indicate that, even if we focus only on the estimation results for the 1951:1-1983:4 period, the main findings of this study remain the same.
Conclusions
In this note, we introduced and estimated a model incorporating both nonseparability and nonhomotheticity of preferences to confirm Ogaki and Reinhart's (1998a) results. This attempt is important because Ogaki and Reinhart's model imposes homotheticity over non-8 When σ was greater than 10, we penalized GMM estimation by multiplying the disturbance term by 1 + (|σ| − 10) 2 . 9 As Gallant and White (1988) and Andrews and McDermott (1995) showed, the assumption of stationarity, which is required for GMM, can be relaxed to some extent. Hence, this violation is not expected to substantially affect the GMM results. 8 durable and durable goods. We found additional evidence that supports the importance of modeling nonseparability for nondurable and durable goods. Our results indicate that the intertemporal elasticity takes a low value, but is not zero. Park's (1992) canonical cointegrating regression estimates are based on the quadratic spectral kernel and the VAR(1) prewhitening technique of Andrews and Monahan (1992) . Standard errors are in parentheses. H(0,1) is a χ 2 test statistic for the null hypothesis of the deterministic cointegration restriction. H(1,2), H(1,3), and H(1,4) are χ 2 test statistics for the null hypothesis of stochastic cointegration. K is a χ 2 test statistic for the null hypothesis of homotheticity, α = γ. P-values are in square brackets. 
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